Abstract: We compared habitat use and movements of 82 radio-collared female black bears (Ursus americanus) at 3 dissimilar study areas in Maine during fall from 1986 to 1988. We focused on the use of northern hardwood forests containing American beech (Fagus grandifolia). Many beech forests in the northeastern United States have been infected with beech bark disease, which may limit beechnut availability. At the Spectacle Pond and Stacyville study areas, annual variation in habitat use was pronounced and was related to abundance of beechnuts. Bears used hardwood forests more when beechnuts were abundant (1986 and 1988) than when beechnuts were scarce (1987). At the Bradford study area, where habitat was more diverse and beech trees were less common, habitat use did not vary annually, and use of hardwoods and softwoods was proportional to availability. Maximum fall movements by bears, away from summer ranges, did not vary annually within areas. Fall movements were greater for bears at Stacyville (median = 7.3 km, n = 19 bear-years) than at Spectacle Pond (median = 1.3 km, n = 52) or at Bradford (median = 0.9 km, n = 28) and reflected distribution of food resources on a landscape scale. In all areas, most long movements (7.7-78.6 km) during fall were to hardwood forests when beechnuts were abundant. Bears usually denned within or near (< 1.0 km) their summer ranges despite long fall movements. We provide recommendations for managing northern hardwoods to maintain beechnut production. We investigated macrohabitat use and movements of 82 female black bears during fall at 3 areas in Maine during 1986-88. Our objectives were to compare habitat use by bears among areas with different topography, land use, and distribution of northern hardwoods; to ascertain whether annual variation in habitat use was related to the abundance of beechnuts; and to determine the maximum distances that bears traveled to northern hardwood forests. This descriptive study also provides information useful for interpreting results from concurrent research on population dynamics of bears in our 3 study areas.
STUDY AREAS
Each of the 3 study areas was about 370 km2. Spectacle Pond study area was in northern Maine about 27 km southwest of Ashland, Maine. Spectacle Pond was > 95 % forested and elevations ranged from 226 to 692 m. Northern hardwoods (sugar maple [Acer saccharum], American beech, and yellow birch [Betula alleghaniensis]) were common on ridges and other welldrained sites, whereas spruce (Picea spp.)-fir (Abies balsamea) associations and northern white-cedar (Thuja occidentalis) were common along drainages and valleys. The land was privately owned, and the primary land use was commercial logging of softwoods for pulp. Clearcutting was common in the 1980s to salvage softwood stands infested with spruce budworm (Choristoneura fumiferana). The area had no paved roads, permanent residents, or agriculture.
Stacyville study area was in north-central Maine about 88 km south of Spectacle Pond. Stacyville was about 80% forested (Hugie 1982), and elevations ranged from 98 to 594 m. The east branch of the Penobscot River drained south through the area. West of the Penobscot River, terrain and vegetation were similar to Spectacle Pond. East of the Penobscot River, the terrain was flatter and several small towns and agricultural fields were present. Cultivated crops included oats, corn, potatoes, apples, and barley (Hugie 1982). Red oak (Quercus rubra) was present along the Penobscot River and nearby hills.
Bradford study area was in central Maine about 90 km south of Stacyville. Bradford was 92% forested, but the terrain was relatively flat, with elevations ranging from 37 to 171 m. Although spruce-fir was the predominant softwood association, bogs and wooded swamps were more common than in the other 2 areas. These bogs often were associated with black spruce (P. mariana) and tamarack (Larix laricina). Northern hardwoods were less common than at Spectacle Pond and Stacyville, but several other hardwood species were more common, including red maple (A. rubrum), aspen (Populus tremuloides, P. grandidentata), and ash (Fraxinus spp.). Red oak was present, especially along the Penobscot River, which bordered the study area on the east. The area included several towns, active farms, and abandoned apple orchards. For all 3 study areas, the mean maximum daily temperatures for July ranged from 25 C to 26 C, and mean minimum daily temperatures for January ranged from -22?C to -17?C (Natl. Oceanic Atmos. Adm. 1987).
METHODS

Capture, Telemetry, and Habitat Use
We livetrapped black bears from May to August in 1986-88 with Aldrich foot snares and occasionally with culvert traps. We immobilized captured bears (>4 months old) with an intramuscular injection of a 2:1 mixture of ketamine hydrochloride and xylazine hydrochloride (Addison and Kolenosky 1979). For each 45 kg of estimated body mass, we used 400 mg of ketamine and 200 mg of xylazine. Bears were weighed, measured, sexed, marked with numbered ear tags and lip tattoos, and their age estimated by counting cementum annuli on an extracted premolar (Willey 1974 , McLaughlin et al. 1990 ). We fitted captured females (> 1 yr old) with motion-sensitive radio collars (Telonics, Inc., Mesa, Ariz.; use of manufacturer's name does not imply U.S. Government endorsement).
We located radio-collared bears from small aircraft equipped with side-facing H antennas mounted to each wing strut (Mech 1983:54-72 Thematic Mapper (TM) data from June 1987. Thirtytwo training sites were identified from black-and-white aerial photographs (1:80,000 scale) and then investigated by small aircraft and field verified. We identified training sites on the computer display screen by creating a false-color infrared simulation (TM3 = blue, TM4 = red, TM5 = green), which highlighted characteristics of broad forest classes. We then used a supervised classification (Jensen 1986:178-214, Sader 1989) to classify habitat in the core area based on training sites. We compared known locations of habitats, other than training sites, with habitats classified on the satellite image until we were confident that the supervised classification was correctly identifying our broad habitat classes. We did not have the capabilities to quantitatively evaluate accuracy on a pixel-level scale (e.g., >90% pixels correctly classified), but we believe that there was no systematic bias in the classification that could have strongly influenced our analysis. Image processing was performed with the personal computer version of Earth Resources Laboratory Application Software (ELAS; Graham et al. 1980). We calculated the area of each habitat within the core area with a module in ELAS that sums the number of pixels (900-m2 squares) of each habitat.
We defined seasons as summer (den emergence-31 
Movements
For female bears >2 years old, we delineated summer ranges with the minimum convex polygon model (Hayne 1949). We did not model movements of yearlings because normally they are not independent of their mothers until mid-summer (Rogers 1987 ). Observation-area curves (Odum and Kuenzler 1955) indicated >18 locations were usually sufficient to delineate summer ranges (Schooley 1990 :98-102). As an index to fall movements for each bear, we measured the greatest distance between a fall location and a boundary of the summer range. Bears killed during the fall hunting season before mid-October were excluded from analyses. We considered several long movements by bears that began in late August as fall locations. We compared maximum distances moved by bears among study areas, years, and age classes with analysis of variance (ANOVA) and Tukey multiple comparisons on rank-transformed data (Conover and Iman 1981, Zar 1984:199-201). For analysis of age classes, we classified bears >7 years old as adults and bears <3 years old as subadults. We classified bears 4 to 6 years old based on known reproductive histories (i.e., adults had previously produced a litter).
Pooling data for all bears, we plotted the distribution of maximum distance moved during fall and then defined any movement greater than the seventy-fifth percentile as a long movement. We examined the direction, destination, and timing of long movements by bears to determine whether they provided insight into importance of food resources. We also compared the den locations of bears relative to boundaries of summer ranges to determine whether fall movements influenced location of den sites.
RESULTS
During fall from 1986 to 1988, we monitored 49 female bears at Spectacle Pond, 9 at Stacyville, and 24 at Bradford. At Spectacle Pond, we monitored 47% of the bears for 1 year, 16% for 2 years, and 37% for 3 years. At Bradford, we monitored 46% of the bears for 1 year, 17% for 2 years, and 37% for 3 years. At Stacyville, 6 of 9 bears were monitored for all 3 years.
At Spectacle Pond, beechnuts were relatively abundant in 1986 and 1988, but scarce in 1987. Even when nut crops were abundant, production was not consistent among stands, so availability varied spatially.
Habitat Use Spectacle Pond.-We examined use of 3 forest types (Table 1) , which had different availabilities in Spectacle Pond North and South (1986: x2 = 35.2, 2 df, P < 0.001; 1987: x2 = 27.4, 2 df, P < 0.001; 1988: X2 = 26.3, 2 df, P < 0.001), so separate analyses for these areas were justified. Habitat use during fall differed among years at Spectacle Pond North (X2 = 35.8, 4 df, P < 0.001) and South (x2 = 67.5, 4 df, P < 0.001), so we examined habitat selection separately for each year (Table 2) 44%, n = 80; 1988: 16%, n = 182). However, bears also used softwoods more in 1987 than other years (Table 2) , and softwoods were common along drainages. To determine if habitat selection by bears in 1987 reflected use of riparian areas or simply use of softwoods, we separated habitat use of forest types into riparian and nonriparian (Table 3) . In both areas, bears used softwood-riparian habitat more than expected but used softwood-nonriparian as expected. Bears also used hardwood-riparian as expected but used hardwoodnonriparian less than expected. Bears may have been foraging on beaked hazelnuts (Corylus cornuta), which grew along rivers and streams, or possibly on herbaceous plants, which we often observed in feces during September in other years when mast crops failed.
Stacyville. -Annual patterns of habitat use for bears at Stacyville were similar to patterns for bears at Spectacle Pond North and South (Table 2) Bradford.--We examined habitat selection of 3 forest types and open bogs at Bradford (Table 2) . Use of these habitats by bears did not differ among years (X2 = 6.2, 6 df, P = 0.402), so we pooled years to increase power to detect selection. Open forest was used less than expected and other habitats were used as expected (Table 2) . Although hardwoods and softwoods were used as expected, habitat selection likely occurred, but on a finer scale than the broad habitats that we measured. Also, 3 females in 1988 responded to abundant beechnuts outside of the Bradford study area by moving long distances to the resource. These 3 bears were excluded from analysis of habitat selection.
Fall Movements
Sample sizes were sufficient only at Spectacle Pond to compare maximum fall movements between subadults and adults. The distance moved by bears was not affected by age class or year, and there was no age class-year interaction (Table 4 ). Although differences between age classes were not significant, movements by subadults (median = 1.60 km, n = 29 bear-years) were longer than movements by adults (median = 0.98 km, n = 23).
We pooled data for age classes and compared maximum distances moved among study areas and years. Movements differed among study areas, but there was no year effect or study area-year interaction (Table 4) . Female bears at Stacyville traveled farther than bears in other areas (Table 5 ), but only differences .2-78.6 km) out of the study area to a mountainous area where beechnuts were abundant. Eighty percent of the locations (n = 44) of these 3 bears were in hardwood stands during these movements, which lasted from late August into Table 5 . Maximum movements of female black bears (> 2 yrs old) away from summer rangesa during fall (1 Sep-den entry) at 3 study areas in Maine, 1986-88. 
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November. Despite extensive movements by some females during fall, 84 (93%) of 90 winter dens of bears were within or near (<1.0 km) their summer range ( Table 6 ). Bears that made long movements were no more likely to den outside of summer ranges than other bears (X2 = 0.85, 1 df, P = 0.358). For the 6 dens >1.0 km outside the boundaries of summer ranges, distances from dens to boundaries ranged from 1.5 to 8.0 km.
DISCUSSION
Our study demonstrated pronounced annual variation in habitat use by black bears during fall at 2 of our 3 study areas. Patterns of habitat selection at the Spectacle Pond study areas also varied among years during spring and summer (Schooley 1990 Although we conducted mast surveys only at Spectacle Pond, patterns of habitat use indicated bears at Spectacle Pond and Stacyville responded to annual variation in beechnut abundance. These responses were not surprising because beech was the primary mast producer in both areas, and Hugie (1982:91) reported beechnuts were the most common food remains in feces At Stacyville, northern hardwoods were most common in the western section of the study area, but summer ranges of monitored bears were located in the eastern section. This dichotomy caused some bears to move relatively long distances to exploit the beechnut resource in 1986 and 1988. There probably were bears that we did not monitor with summer ranges in the western section of Stacyville. It is unknown whether these individuals moved long distances during fall. Our inferences apply only to the bears that we sampled. Forty percent of female bears in northeastern Minnesota traveled > 7 km outside of their usual range during late summer and fall (Rogers 1987 
MANAGEMENT IMPLICATIONS
Foraging behavior of black bears is flexible in response to distribution of food resources. Short-term studies from 1 area will likely produce inferences applicable only to a subset of habitat conditions that black bears may experience in a region. Such studies may underestimate spatial needs of bears and provide a limited view of habitat selection, which may vary spatially and temporally.
In this study, annual patterns of habitat use suggested beechnuts were an important food resource for bears during fall. This conclusion is supported by the long movements that bears made to northern hardwood forests, and by their delayed den entry during years with abundant beechnuts (Schooley et al. 1994 . data) . Therefore, our current understanding of the importance of beechnuts to bears is restricted to correlations of mast availability with bear behavior and reproductive success. Managers often must make decisions when many questions remain unanswered, however, so we provide the following recommendations for habitat management.
It is essential to retain mature beech trees to maintain mast production in northern hardwood forests. Beech usually does not produce seed until 40 years old, and
